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This is an exciting time for Particle Physics

* Profound science questions and discovery potential

% Higgs boson S o Gacrney
& Neutrinos M
Dark matter
B Dark energy and inflation |———
A Exploring the unknown

« Significant advances in technology and other enabling drivers

@ Accelerator science & technology
s Detectors & Microelectronics

¥4 Computing, AI/ML

Quantum science & technology

Theory

PIP-II
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This is a defining moment for Fermilab

» With the successful completion of LBNF/DUNE/PIP-II, Fermilab will become host to
the first internationally conceived, constructed, and operated mega-science
experiment on U.S. soill
— US/Fermilab is universally acknowledged as the world leader in neutrino science

« As it enters its next 50 years, Fermilab remains America's premier Particle Physics
and Accelerator Laboratory, delivering groundbreaking science and technology
innovation, underpinned by a world-class and diverse workforce, excellence in
business and operations, a renewed and sustainable campus and strong and
lasting regional, national and international partnerships
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Over the next decade, Fermilab plans to:

4

Continuously deliver groundbreaking discovery science and technology innovation

« Addressing the 2014 P5 science drivers and science priorities informed by the next P5 report

 NOVA, SBN; LHC; Muon g-2; LSST-DESC, ....

Successfully complete the 2014 P5 plan, begin scientific exploitation consistent with P5 timeline

« LBNF/DUNE; PIP-II; HL-LHC; Mu2e; CMB-S4

* Host Lab for DUNE

In collaboration and coordination with the US community and international partners, ensure the

success and impact of the new P5 strategic plan

» Booster Replacement (BR), DUNE Phase Il

« Lay the groundwork for the next major facility onsite, as an international project, conceived and executed
as a global endeavor

Pursue accelerator and detector R&D

« BR, DUNE Phase Il, FCC @CERN, next major facility @Fermilab

* As sciences in their own right

Advance emerging science & technology capabilities = further enhancing lab’s core mission

* Quantum Information Science & SQMS Center

+ Artificial Intelligence / Machine Learning
* Microelectronics

PIP-II
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Over the next decade, Fermilab also plans to:

 Diversify and empower our workforce
— Develop and execute a workforce and diversity strategic plan

— Foster a culture of respect, inclusion, transparency, integrity and excellence that is essential
to ground-breaking science

— Partner with Chicagoland and nationwide colleges and universities, including minority
serving institutions, to host upwards of 100s of students and advanced degree programs

» Achieve excellence in business & operations, and renew our campus infrastructure with
sustainability goals, integrated with science vision

» Forge strong regional, national, international partnerships: with University of Chicago, Argonne,
Universities Research Association and other national and international institutions

* Launch a strategic plan for Fermilab’s next 20 years

PIP-II
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. Strategic Thrusts: Pillars of our vision for Fermilab
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: i s M ; v'?‘I § I | h
Deliver groundbreaking Building for Discovery: Diversify and Transform business
science and technology Project Execution empower our systems & operations,

innovation workforce execute sustainable

campus strategy integrated
with science vision

Forge strong alliances with Develop Strategic Plan
UChicago, ANL, URA and other for Fermilab’s next 20
national/international Years
institutions AN
PIP-II
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1.3 DUNE: The world’s most capable neutrino experiment, driven by
LBNF and PIP-II

Delivering on LBNF/DUNE is Fermilab’s highest priority

Sanford
Underground

Fermilab
Research Facility /\ \

NEUTRINO =i
PRODUCTION ]\

XISTIN( )I: UNDERGROUND PARTICLE
‘ PARTICLE DETECTOR DETECTOR



Proton Improvement Plan — Il (PIP-ll)




LBNF/DUNE-US Project Scope

Far Site — SURF, Lead, SD
Near Site — Batavia, IL

o
—

Ross shaft headframe

Primary Beam Enclosure

MI-10 Point of Extraction

T
CO=|"pl.:x

(LBNF-20)

wosfprjes | Swpe ]
= 131.FSCFEXC/FSCF-Excavation Project management, preliminary and final design, reliability/infrastructure upgrades, pre-
WBS/ Subpro;ect excavation systems, and excavation work to support 4 detector modules.

131.NSCFB/NSCF + Beamline 1.2MW primary and neutrino beam, upgradable to 2.4MW; facility to support 1.2MW 131.FSCFBSI/FSCF-Building & Site Project management, preliminary and final design, and construction of surface and
upgradable beamline and ND Complex Infrastructure underground utilities, and infrastructure outfitting of spaces for detector modules.
131.FDC/Far Detectol d F: DUNE-US contributions to two DUNE detects dules; t: stats & iated liquid
131.ND/Near Detector DUNE-US contributions to Phase 1 Near Detector; LAr and LHe systems to support ND; ) / ar s anc Far contributions to two < eJ or mocu er 2 R G S s s R T
g g 3 ‘ X Site Cryogenic Infrastructure argon; cryogenic systems to support two B and integration for
installation and integration for detector and cryogenic systems. vod Uiz 7 e ATl

Over 50% of scope is at final design maturity
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LBNF DUNE Summary Schedule

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Q102 Q3 04 Q1 Q2 O3 G4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 @4 Q1 Q2 03 04 Q1 Q2 03 04 Q1 02 G3 Q4 Q1 G2 Q3 Q4 Q1 @2 Q3 Q4 Q1 @2 Q3 Q4 Q1 Q2 Q3 Q4

Far Site ﬁ@wm Excavation
I suilding & Site Infrastructure
_ Cryostat Installation
Detector #1 Installation [
Detector #2 Installation _
Fill cryostat #1 [N
Fill Cryostat #2 [

Start of Science ’

Category

Far Site Completion ’

Near Site Near Site Conventional Construction [ —
Beamline Installation [
Near Detector Installation [

Beam On

ND Complete’

PIP-II
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Definition of Phases

+ Originally envisioned in the 2014 P5
plan

* Phase |

- Accomplished with PIP-1l, LBNF/DUNE-
US, and DUNE International Partners

- Meets P5 minimum requirements to
proceed by 2035 timeframe

- Same project scope as proposed at
CD-1R in July 2015

* Phase ll

- Increased mass at Far Detector
- More Capable Near Detector (MCND)

- Increased beam power by Booster
replacement

11 7125122

LBNF/DUNE-US Project
+ DUNE Int’l Project

Beamline

1.2MW (includes
2.4MW infrastructure)

2.4MW
Far Detectors
FD1 — 17 kton
FD2 — 17 kton
FD3
FD4
Near Detectors?
ND LAr
TMS
SAND
MCND (ND GAr)

X1

Note 1: requires upgrades to LBNF neutrino target and upgrades to Fermilab accelerator

complex. The LBNF facility is built to support 2.4MW in Phase I.

Note 2: Near Detector Subproject threshold scope provides “day 1” requirements to start the

DUNE experiment
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Booster Replacement

PIP-1l provides a platform for extended physics program and future facility upgrades.

Booster replacement scenarios are developed

Capture options for additional medium and
Enable long-term vision.

8 GeV storage Main Injector

ring

Optional

Storage

Ring ,7
’

—————

- > 5

\\
~
\\
~

8 GeV Linac

~

* H- Injection is challenge at 8 GeV

informed by input from Snowmass/P5

Cost-effective and fastest path to increased power to 2.4MW for LBNF.

small-scale experiments.

Main Injector

S

“~.._ RCS

-

Optional
Storage
Ring ~
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|

\

\

//

PIP-Il
Linac

GeV Linac

* H- Injection easier at lower energy
Upgrade




Far Detector Modules 3 and 4

7: DUNE CPV Sensitivity [l Phase Il by 6 years
 All Systematics B Phase
6 _—Normal Ordering Start at 1.2 MW
C 50%6;0f SCP values =—=—": 4 year ramp to 1.2 MW,
a-
2k
1
1) «SP B NP B BRI B B
0 2 4 6 8 10 12
. 2- 4 November 2022
[’7 T/>\ : Valencia
A L DUNE Module of Opportunity Workshop
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I Neutrino Science

Vision: US/Fermilab is universally acknowledged as the world leader in

neutrino science for decades to come

FYy22 ~ FY23  FY24  FY25  FY26  FY27  FY28  FY29  FY30  FY31  FY32
NOvVA
SBN
LBNF/DUNE
DUNE
BR

14
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1.3 Collider Science y

Vision: Fermilab continues to be the leading U.S. center for CMS and second leading center ' A4~
in the world after our partner CERN

CERN is our European sister laboratory and our strong partner in many areas

Major decadal goals
« Maximize science from LHC Runs 2 and 3 data — ROC is back in Operations!
« Execute HL-LHC AUP and CMS Detector Upgrade Projects
« Advance R&D towards FCC @CERN
FY22 FY23 FY24  FY25  FY26  FY27  FY28  FY29  FY30  FY31 FY32

LHC
HL-LHC CMS — 2042
FCC @CERN

Future facility @ FNAL




Precision Science

Vision: Fermilab is a world center for accelerator-based Charged-lepton flavor violation (CLFV) and
Dark Matter experiments, driven by intense particle beams and PIP-lI/Booster Replacement

Major decadal goals

* Muon g-2: Complete data production, analysis, theory to achieve 50
« Complete Mu2e project and start science

» Design and build Mu2e-I1l, other upgrades

FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32

PIP-II
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Cosmic Science

Vision: Fermilab is an essential partner in world-leading cosmic science experiments and is contributing innovative R&D efforts
toward future dark energy, dark matter, and cosmic microwave background (CMB) experiments and a coordinated campaign of
experiments seeking to directly detect and study the properties of dark matter particles in the laboratory.

Major Decadal Goals

FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32
1. Cosmic Surveys - Transition Surveys
from DES to DESI, LSST
DES
2. Cosmic Microwave Background DESI
- Grow: Major role in CMB-S4 Rubin
CMB
3. Dark Matter Detection = R
Consolidate: G2, Axions, Sub- _
GeV CMB-S4 Construction c
Dark Matter
Axions
Sub-GeV QUPErL M.
__________
PIP-II
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1IN Accelerator Science & Technology

Vision: Fermilab is a world-leader in Accelerator Science and Technology R&D that enables the
next generation of particle accelerators and advances the HEP and Office of Science mission.
Fermilab is an essential partner of choice for future large-scale accelerators.

Major decadal goals:
1. Deliver 2.4 MW proton beam power to LBNF/DUNE

- Design, develop Booster Replacement

- Develop High Power Targetry capabilities
2. Advance R&D in high field magnets and Superconducting RF for FCC @CERN
3. Initiate physics studies and concepts towards next major facility on Fermilab site
4. Continue to advance accelerator science as science in its own right!
5. Continue to enable the mission of other Office of Science programs
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Fermilab Magnet and SRF Technology & FCC

2000 4

42K

« Fermilab accelerator technology Fermilab NbsSn conductor )
- with APCs exceeding FCCJ, —>
R&D programs are highly

.. ) o spec for first time
synergistic with ambitious goals B e E
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Ultralow Surface Resistance via Vacuum Heat Treatment of Superconducting © TE1PAVOOS EP baseline

. L. = TE1PAVOOS mid-T bake 2.5 h
Radio-Frequency Cavities TE1PAVO0S EP baseline
= TE1PAVO0S mid-T bake 2.5 h
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S. Posen®,” A. Romanenko, A. Grassellino, O.S. Melnychuk®, and D.A. Sergatskov 0 5 10 15 26 25 éo
Fermi National Accelerator Laboratory, Batavia, Illinois, 60510, USA E__ (MV/m)
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World record 14.5 T Nb;Sn dipole magnet

PIP-II
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Emerging Science & Technology Capabilities

Quantum Information Science & SQMS
Artificial Intelligence / Machine Learning
Microelectronics

PIP-II
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Quantum Information Science

Vision: Fermilab, together with Chicagoland partners, is a major US quantum center; hosts national
facilities for Quantum Science, developing innovative approaches that enable HEP discovery.
Major decadal goa|s: SQMS Roadmap: a quantum decade leading to new revolutionary tools
1. Execute SQMS Center decadal roadmap:
- Utilizing SRF technology to develop record coherence for 3D Co—
cavities in quantum regime demonstrated at FNAL ~ 2
seconds = Quantum computer - Solving complex problems
in HEP, CMP, medicine, climate, national security

2.  Quantum Networks towards a Quantum Internet: e
- Fermilab together with Chicagoland and other collaborators to
deploy a multi-node, multi-user metropolitan scale quantum W e
network in the greater Chicago area - Urbana - ORNL = Q e \O

Argonne Rantoul

=~ Natlonal:, , - v g uiuc
Q‘-* : Laboratcjry'*L s ? Q

3. Deep Cryogenic electronics for utility-scale Quantum Computers fef'";"avb-"_
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Al/ML to accelerate discovery science Hardware

Heterogeneous system-in-package
Integrated in-memory compute, 3DIC, Wireless (5G)
9999

Vision:
Develop powerful Al algorithms that are robust, ,
Resource-constrained

interpretable, and explainable for reconstruction, extreme environments

simulation, and operations
Efficient co-design

Optimized accelerator and experimental facilities

with real-time, continuous learning control
Build software and hardware infrastructure to support | Physics ] Al o

. . . . ata compression, reconfiqurable
community Al computing needs including open data, Bl Porticle phsics, e and adaptive. continuous learning

. XFEL synchrotron Physics-inspired

benchmarks, and training distributed Al
Advance world-leading capabilities in Al-on-chip for ML advances foster a diverse Al-ready
edge ML applications — strong connections with smart workforce with strong multi-disciplinary
sensing, internet-of-things, and novel microelectronics teams and collaborations

22



2= Fermilab
Microelectronics

Vision: Fermilab together with other national labs, academic and university partners establishes a
major US Microelectronics Co-design center

Major decadal goals
1. Support the community for extreme environment
microelectronic development
- Enable lab-university-industry collaboration

1. Maintain and grow expertise in state-of-the art integrated circuit
design and testing to enable precision science measurements

- Develop smart detectors with integrated sensing-edge computing -
communication

1. Engage with Industry on Heterogeneous Integration and
Advanced packaging solutions
- Leverage transformative technologies

23



Final Thoughts

Particle physics is global! The evolving international context remains essential

In this decade, Fermilab will complete the 2014 P5 strategic plan and follow the next P5
plan

- DUNE Phase | will be realized, Phase Il will be launched

Fermilab’s role for the HEP Community is an integral part of the Fermilab mission

- as host of the USCMS and DUNE collaborations
- as the nexus for US HEP, and the broader Snowmass Frontiers communities

— as a resource for large-scale engineering, co-located expertise and capabilities, and
intellectual vitality

as an International User Facility, dedicated to a diverse workforce and collaborative culture, and to
enabling world-class scientific discovery

PIP-II
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Thank you for your - ikl
contributions to defining

compelling future directions for o ‘
our field!




